The present study was carried out to evaluate aerial yield, agronomic traits, essential oil production, and their relationships in 21 populations of Ziziphora tenuior in Karaj, Iran over two years (2016)(2017). The experimental layout was a randomized complete block design with three replications. Data were collected for GDD (Growth Degree Days), plant height, canopy area, stem number, flower number, aerial fresh yield, aerial dry matter (DM) yield, seed yield, essential oil percentage and oil production. The essential oil compositions were detected in accession 2929 (Tassoj) using GC/MS. Result of combined analysis of variance across two years showed significant differences between years, populations and population × year interaction for all traits (P < 0.01). In comparisons among populations, the population of Avaj and Ijroud with average values of 13.5 and 14.33 g/p had higher aerial dry yield and other agronomic traits followed by Meshkin2 and 3. For seed yield, Ormieh with average values of 3.11 g/p had higher production. For oil content, the populations of Tassoj, Salmas and Sharkord with average values of 1.25 to 1.56% had higher oil content and essential oil production. Result of correlation analysis showed that DM yield was positively correlated with GDD, plant height, canopy area, stem number, flower number. Oil content was negatively correlated with aerial DM yield. The results of PCA analysis showed that the first four components accounted for 50, 20, 12 and 10% of the total variation, respectively. Plant height, canopy area, stem number, flower number and aerial yield in the PCA1, essential oil content and oil production in the PCA2, seed yield in the PCA3 and GDD in PCA4 components were identified as important traits. Using Ward cluster method, the 21 populations were grouped into 3 clusters. In total, 23 compounds were identified in the essential oil from the aerial parts Z. tenuior. The major components in the essential oil were pulegone ranged (47.54 to 65.26%) followed by neo-iso-dihydro carveol, carvacrol, piperitenone, limonene, 1.8-cineole, p-mentha-3,8-dien, alpha-terpinene and terpinen-u-ol. It was concluded that there were wide range of variations for agronomic trait and essential oil in domestic germplasm of Z. tenuior to improved breeding new varieties in Iran.
. Variation and relationships of aerial yield, morphoagronomic traits and essential oil composition in domestic populations of Ziziphora tenuior in Iran. Acta Sci. Pol. Hortorum Cultus, 19(1), 119-130. DOI: 10.24326/asphc.2020.1.11 Lamiaceae family, a large and diverse family of about 200 genera and 3200 species is distributed in world [Zargari 1997 ]. The Ziziphora genus belongs to Lamiaceae family, with more than 15 species, mainly distributed in the Mediterranean mountainous regions of Europe, Asia and Africa. This plant with the Persian name of Kakuti, consists of four species including Ziziphora clinopodioides, Z. tenuior, Z. capita and Z. persica is found in mountainous regions of Iran [Rechinger 1982 , Mozaffarian 1996 . Z. capitata is an annual herb 2n = 16, that grows in Europe, Central Asia, Iraq, Syria, Turkey, Caucasus. In Iran, it is distributed from northern to southwestern parts [Jamzad 2012] . Ziziphora species are edible medicinal plant that leaves, flowers and stems are frequently used as wild vegetable or additive in foods to offer aroma and flavor [Zargari 1997 ].
The aerial parts, leaves and flowers of Ziziphora species, have been used as antiseptic, carminative and sedative agent to treat cold, flu, cough, stomach ache, diarrhea, antiseptic, migraine, fever and carminative [Salehi 2005 , Zargari 1997 ]. Sarangzai et al. [2013] , reviewed traditional uses of Z. tenuior in Pakistan as perfume and also used for fever and cold. In relation to the phytochemical qualities of Ziziphora genus, many researchers stated that the Ziziphora species are rich in monoterpenoides and phenolic compounds such as thymol, pulegone, piperitenone and p-menth-3-en-8-ol, which can have antioxidant and antimicrobial activity against many infectious diseases and pathogens [Thuille et al. 2003, Aliakbarlu and Shameli 2013] .
Z. tenuior is very aromatic plants which are used for food and medicine and its aroma is near to thyme and oregano. It is a perennial herb and its bushes are thick and its height is 20-50 cm and has purple flowers [Omidbeygi 2006 ]. This plant in the mountainous areas of Iran as a spice widely used in foods and cosmeticcs and its aroma is very close to oregano and thyme and a bit too similar to pennyroyal. New shepherds and mountaineers gather Z. tenuior and drink it as a tea [Mozaffarian 1996 ].
There are many published articles for essential oil and its compound in Ziziphora species but there less reports for evaluation of species for DM yield and agronomical traits and their relationships with essential oil. Batooli et al. [2012] found the essential oil percentage of Z. tenuior ranged 0.2 to 2.3% (w/w). In total, 18 components were identified in it's essential oil. The main components of Z. tenuior essential oil were pulegon (80.01-90.10%), and piperitenone (4.5-7.14%).
Bakhshi Khaniki et al. [2010] showed that ecological factors had significant effect (P < 0.01) on oil yields of Z. clinopodioides ranged 0.37 to 1.0%. They identified the main oil compounds as pulegone (ranged 30 to 60%) and followed by 1,8-cineole as main compounds. Dembitskii et al. [1994] using hydro distillation in Z. clinopodioides found 1.4% w/w essential oil content. The major components of the oil were pulegon (30.1%) and thymol (21.3%). Asgharipour et al. [2016] in study of variability in Z. clinopodioides population based of essential oil found the essential oils of population ranged from 0.23 to 0.61% and the pulegone was the main oil component.
There are few reports for variability of DM yield and agronomical traits in Ziziphora species. Karimi et al. [2017] in application of organic fertilizers on morphological traits of Z. clinopodioides found positive effects of fertilizers on morphological traits but negative effects on some biochemical characteristics such as phenols, flavonoids and antioxidants. So that by increasing the application of organic fertilizers, the amount of morphological parameters were increased and biochemical parameters decreased. Asaadi [2016] , for Z. clinopodioides found plant height ranged from 21 to 40 cm with a crown diameter of 39 to 42 cm. The density of plants in habitat was counted as 11 500 per ha. Dry matter production of this plant in the areas was 241 kg/ha. Despite the unique role of different species of Ziziphora in the production of pharmaceutical species, unfortunately little information on the genetic diversity among populations of the Ziziphora species exists for shoot and essential oil yield here in Iran. There are many reports for essential oil production of Ziziphora wild population in their natural habitat, but there is lack of enough information about their domestication in the field condition for both DM and essential oil yield. introduction Moradi, R., Alizadeh, M.A., Hervan, E.M., Shanjani, P.S., Khaghani, S., Jafari, A.A. (2020) . Variation and relationships of aerial yield, morphoagronomic traits and essential oil composition in domestic populations of Ziziphora tenuior in Iran. Acta Sci. Pol. Hortorum Cultus, 19(1), 119-130. DOI: 10.24326/asphc.2020.1.11 This study aimed to study variation and relationships of aerial yield, agronomic traits and essential oil production in domestic populations of Z. tenuior via multivariate statistical analysis.
Materials and Methods
In this research, 21 populations of Z. tenuior originated from different parts of Iran were provided from the Natural Resource Gene Bank of Research Institute of Forest and Rangelands, Tehran, Iran. The geographical characteristics of 21 populations is presented in Table 1 . Seeds of populations were sown in Jiffy pots in March, 2015. Then, after seed emergence, seedlings were transferred into field in Alborz research station in Karaj, Iran in April 2015. Alborz research station has a longitude of 51°31' and latitude of 42°3' with a altitude of 1291 m above sea level. The average annual rainfall is 248 mm and the average temperature is 21.16°C, with an absolute maximum of 44°C and an absolute minimum of 8°C. Most of annual precipitation is occur in winter and the most rainy month in March. The average relative humidity is 40-50% annually and the climate of research station is semi-arid. The soil of Alborz research station has a loamy texture with a pH of 5.5-7.5.
The experiment layout was Randomized Completely Blocks Design (RCBD) with three replications. Each unit of experiment consists of six rows with 50 cm distance between rows and 40 cm between plants within rows. The experiment was conducted in irrigation condition and the plots were irrigated once per week. In establishment year no data were collected and data were collected in the next year of planting. The following traits were analyzed: plant canopy cover area (cm 2 ), plant height (cm), flower number per plant, time required for flowering (days), aerial biomass yield (g/p), seed yield (g/p), growing degree days to flowering (GDD), essential oil concentration as percent and essential oil yield (mg/p). Moradi, R., Alizadeh, M.A., Hervan, E.M., Shanjani, P.S., Khaghani, S., Jafari, A.A. (2020). Variation and relationships of aerial yield, morphoagronomic traits and essential oil composition in domestic populations of Ziziphora tenuior in Iran. Acta Sci. Pol. Hortorum Cultus, 19(1), 119-130. DOI: 10.24326/asphc.2020.1.11
The canopy cover area was estimated using the means of width and length diameters of the plant canopy. The aerial plant parts were harvested in full flowering stage, weighed, air dried in room temperature for one week and weighed again to obtain as dry aerial biomass yield.
GDD for flowering stage GDD were recorded by Frank et al. [1993] as follows:
where: GDD -growing degree days, Tmax -maximum daily temperature °C (mean for days from March 21 till full bloom), Tmin -minimum daily temperature C (as above), Tb -the base temperature physiological zero for germination, for those species as (6°C). The maximum and minimum daily temperatures were provided from Karaj, Iran Metrological Station [IRIMO 2011].
The essential oil was extracted using the hydro distillation method with a Clevenger type apparatus. Each sample containing 10 plants per plots were harvested at full flowering stage and dried and ground. The materials of every species (80 g in three replications) were placed in a three liter round-bottomed flask containing 1.5 l of water and refluxed for 3 h. After completion, the oil volume (ml) was recorded according to the Hungarian plant pharmocopy letter [Hungarian Pharamacopoeia VII 1986] as follow:
Essential oil % = Essential oil weight (g) Areal dry biomas weight (g) Essential oil yield was calculated by essential oil % × aerial biomass yield (g/p).
The essential oil compositions in accession 2929 (Tassoj) were detected using GC/MS based on method of [Mirza et al. 1996 ].
statistical analysis
Data was combined analyzed of variance over two years using and means comparisons were made using Tukey's method. Phenotypic correlations among characteristics were estimated via pair-wise combinations. All variables were used in principal components and cluster analysis, whereby the variables were standardized for cluster analysis (Ward method) using Minitab 16 and SAS9 software.
results and discussion
The results of analysis of variance (ANOVA) showed significant differences between years and populations for all of traits (P < 0.01) - Table 2 . Population by year interaction effects were also significant for all of traits indicating difference response of populations for each year.
In comparisons among 21 populations, in the first year, result showed the populations of Tassoj, Arak, Shazand and Ijroud with GDD values of 1916 to 2370°C and Kerman with GDD values of 1012 to 1194°C were considered as late and early maturity populations, respectively. In overall the highest and lowest values of GDD (2263°C and 1103°C) were obtained for Tassoj and Kerman population over two years, respectively (Tab. 3). Therefore populations having lower GDD that goes to flower sooner than other populations. This result was in agreement with result of Adeli et al. [2013] Moradi, R., Alizadeh, M.A., Hervan, E.M., Shanjani, P.S., Khaghani, S., Jafari, A.A. (2020) . Variation and relationships of aerial yield, morphoagronomic traits and essential oil composition in domestic populations of Ziziphora tenuior in Iran. Acta Sci. Pol. Hortorum Cultus, 19(1), 119-130. DOI: 10.24326/asphc.2020.1.11 means of two years Avaj with 2596 No./p had higher flower number than other populations (Tab. 3).
For Aerial fresh yield Meshkin2 with (60.88 g/p) in the first year and Khalkhal, Ormieh, Meshkin3, Ijroud with (32 to 40 g/p) in the second year had high production, respectively.
For aerial dry yield Avaj and Shazand with (15.05 and 13.63 g/p) in the first year and Taft and Ijroud with (17.83 and 16.33 g/p) had higher aerial dry matter production, respectively. For means of two years, the population of Avaj, Ijroud with (13.5 and 14.33 g/p) had highest aerial dry yield two years. This populations although had high DM production but their oil content value was relatively low (Tab. 4). This result was similar with the result of Alizadeh et al. [2017] . They studied seven species of Tanacetum genus for plant canopy cover, plant height, and flower, aerial biomass yield, GDD, essential oil percentage and essential oil yield. Their result showed that the species of T. balsamita was superior to other six species for aerial biomass yield and essential oil yield. The two species of T. tabrisianum and T. uniflorum were nominated as the early maturity because of their lowest value of GDD and time required for flowering.
For seed yield Tassoj, Ormieh and Gazvin with (4.08, 4.53 and 4.59 g/p) in the first year and Khalkhal with (3.25 g/p) in the second year had higher seed production (Tab. 4). For means of two years, Ormieh with average values of 3.11 g/p had higher seed production. For essential oil content, Najafabad and Yazd with (1.33 and 1.65%) in the first year and Salmas and Sharkord with (2.07 and 2.03%) in the second year had higher essential oil percentage. For mean of two years, the populations of Tassoj, Salmas and Sharkord with (1.25, 1.54 and 1.56%) had higher oil content over two years and as a result had higher essential oil production (Tab. 4).
correlation between traits. Result of correlation analysis showed that GDD had positively correlated with both fresh and dry matter yield, indicating the late maturity species had higher areal production. Plant height was positively correlated with canopy area, stem number, flower number and DM yield. Indicating the taller plant has higher stem and flower number and led to higher production. Similarly, canopy area was positively correlated with stem and flower number and led to higher DM yield production. Oil content had weak negative correlation with aerial DM yield and other agronomic traits, however, there was strong positive correlation between essential oil content and essential oil production (Tab. 5). This result was in agreement with the results of Solouki et al. [2008] and Pirkhezri et al. [2010] in Matricaria chamomilla and Hamisi et al. [2012] , in Tanacetum parthenium that found positive correlation between essential oil %, flower number and aerial biomass yield.
principal component analysis (pca). The results of PCA analysis showed that the first four components with Eigen values higher than one had accounted 91% from total variations. The amount of variance explained by each components were 50, 20, 12 and 10% of the total variation, respectively (Tab. 6). In the first The means of the column with same letters were not significantly different based on Tukey method P < 0.05 * GDD (Growth Degree Days) values were the same for replications, therefore, no mean comparisons were made The means of the clusters with same letters were not significantly different based on DMRT P < 0.05 method Moradi, R., Alizadeh, M.A., Hervan, E.M., Shanjani, P.S., Khaghani, S., Jafari, A.A. (2020) . Variation and relationships of aerial yield, morphoagronomic traits and essential oil composition in domestic populations of Ziziphora tenuior in Iran. Acta Sci. Pol. Hortorum Cultus, 19 (1) Dendrogram of 21 populations of Z. tenuior by analyzing yield, agronomical traits and oil production using Ward cluster analysis method Moradi, R., Alizadeh, M.A., Hervan, E.M., Shanjani, P.S., Khaghani, S., Jafari, A.A. (2020) . Variation and relationships of aerial yield, morphoagronomic traits and essential oil composition in domestic populations of Ziziphora tenuior in Iran. Acta Sci. Pol. Hortorum Cultus, 19(1), 119-130. DOI: 10.24326/asphc.2020.1.11 component, plant height, canopy area, stem number, flower number and aerial yield had positive Eigen vector and was regarded as productivity factor. In the second component essential oil content and oil production had higher Eigen vectors and trends of these traits were in the same direction. Therefore, this component was named as oil yield factor. In the third component seed yield had higher Eigen vector coefficients and was named as seed production factor and finally in the fourth component GDD had higher Eigen vector coefficients and was named as phonological factor (Tab. 6). Scatter plot of 21 populations of Z. tenuior for the first two principal components is presented in Figure  1 . There was good agreement between data of PCA analysis in Table 6 and cluster analysis in Figure 2 . cluster analysis. Cluster analysis of the populations for Z. tenuior showed that the populations were divided into three groups according to genetic distance (10.04). The first, second and third clusters had 4, 13 and 4 populations, respectively (Fig. 2) .
Analysis of variance between clusters showed that the populations in cluster 1 had higher mean values than that for other two clusters for oil percentage and oil yield (Tab. 7). Cluster 2 with 13 populations had moderate values for most of traits and finally cluster 3 with 4 populations had higher values of aerial yield and agronomical traits. According to the dendrogram (Fig. 2) , populations of 2929 (Tassoj), 14231 (Salmas), 17983 (Ormieh) and 29580 (Sharkord) were dropped into cluster 1. The three first populations were originated from West Azerbaijan province, Iran, indicating Genetic variation that is affected by geographic environments. More and less the same trend was observed for populations in cluster 3. In contest, for cluster 2 there were 13 populations that were originated from various part of Iran, indicating no association between genetic and geographic distances for populations. With a similar method, Alizadeh and Jafari [2016] used cluster analysis for the grouping of accession of Anthemis triumfettii, A. tinctoria, A. haussknechtii and A. pseudocotula. According of their result, the cluster analysis well separated the accession based on aerial biomass yield, morphological traits and GDD. The distribution of four clusters based on the first two principal components are drawn in Figure 1 .
There was good agreement between cluster analysis and PCA. essential oils compounds in accession 2929 (tassoj). Z. tenuior is found in different regions of Iran, especially in the South East, North and North West, and has numerous health benefits. Of the natural compounds, in total, 23 compounds were identified in the essential oil from the aerial parts Z. tenuior (Tab. 8). The results obtained in our study indicated that the major components in the essential oil with highest values were pulegone ranged (47.54 to 65.26%) followed by neo-iso-dihydro carveol (2.51%), carvacrol (1.79 to 2.35), piperitenone (0.58 to 2.16), limonene (0.75 to 1.22), 1.8-cineole (0.10 to 1.33), p-mentha-3,8-dien (0.44 to 1.12), alpha-terpinene (0.52 to 1.23) and terpinen-u-ol (0.88 to 1.52) (Tab. 6). The range of essential oil compound were in agreement with publish data [Ganjali and Pourramazani Harati 2014, Khodaverdi-Samani et al. 2015] .
conclusion
The result of this research showed that some populations had higher values of agronomical than other populations, therefore selection of superior populations would be useful for improve breeding new varieties. Remarkable levels of DM yield and essential oil production were obtained whereas effect of year was significant in most traits.
In comparisons among populations, the population of Avaj and Ijroud with average values of 13.5 and 14.33 g/p had higher aerial dry yield and other agronomic traits followed by Meshkin2 and 3. For seed yield, Ormieh with average values of 3.11 g/p had higher production. For oil content, the populations of Tassoj, Salmas and Sharkord with average values of 1.25 to 1.56% had higher oil content and essential oil production. In total, 23 compounds were identified in the essential oil from the aerial parts Z. tenuior. The major components in the essential oil was pulegone ranged (47.54 to 65.26%) followed by neo-iso-dihydro carveol, carvacrol, piperitenone, limonene, 1.8-cineole, p-mentha-3,8-dien, alpha-terpinene and terpinen-u-ol.
Based on this conclusion, the best populations were selected for further evaluation in larger plots for their persistence and other agronomic parameters. Increasing the area for cultivation of Z. tenuior depends greatly on improvements in seed production, which is still the main cause of the slow development of medicinal plant cultivation.
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